Summary
| INTRODUC TI ON
Asthma is a complex disease with serious complications, including inflammation and airway contraction. 1 The prevalence of asthma has rapidly increased over the past few decades and is a great public health concern in the United States and worldwide. 2 Several inflammatory cytokines, including tumour necrosis factor alpha (TNF-α) and interleukin-8 (IL-8), play critical roles in the pathogenesis of asthma. 3, 4 TNF-α has been noted to enhance KCl-and agonist-induced intracellular Ca 2+ responses and contractions in airway smooth muscle (ASM). [5] [6] [7] [8] [9] Similarly, IL-8 binds to its receptors CXCR1 and CXCR2 and increases intracellular Ca 2+ con-
centrations ([Ca
] i ) and ASM contractility. 10, 11 Elevated [Ca 2+ ] i is certainly a key component in airway hyperreactivity and is associated with the pathophysiology of asthma and chronic obstructive pulmonary disease. [12] [13] [14] However, the contributions of specific [Ca 2+ ] i regulatory mechanisms and their regulation by inflammatory cytokines remain to be explored.
15
The L-type Ca 2+ channel (L-VDCC) is found in neurons, myocytes, skeletal muscle, and smooth muscle. L-VDCC has been recognized as a primary conduit for voltage-dependent Ca 2+ influx in excitation-contraction coupling in ASM. 16 Furthermore, L-VDCC plays a role in sarcoplasmic reticulum Ca 2+ refilling, blockade of L-VDCC significantly attenuated the magnitude of the contractions induced by agonists in ASM. 16, 17 Although L-VDCC is involved in agonist-induced muscle contraction, the role of L-VDCC in TNF-α-and IL-8-mediated ASM contraction changes has not yet been clearly elucidated. 18, 19 In this study, we hypothesized that TNF-α and IL-8 increased Ca 2+ influx by enhancing L-VDCC activity and expression. We used isometric tension measurements, calcium imaging, and western immunoblotting assays to assess the activity and protein expression of L-VDCC under normal conditions and after exposure to TNF-α or IL-8 in mouse ASM.
| RE SULTS

| TNF-α and IL-8 enhance high-K + -induced contractions in mouse ASM
Mouse tracheal muscle was stimulated with a high-K + solution (60 mmol/L), resulting in a tonic contractile response. TNF-α (100 ng/ mL) pretreatment culture for 24 hours significantly increased the high-K + -induced contraction compared with that induced by the vehicle control (Figure 1A ,B; P < 0.05). The high-K + -induced contractile response was also enhanced by pretreatment culture for 24 hours with IL-8 (100 nmol/L, Figure 1C ; P < 0.05). These results indicate that inflammatory cytokines increase high-K + -induced contractions in mouse ASM. Taken together, these results suggest that increased L-VDCC activity may be the mechanism underlying the enhanced ASM contractions observed following inflammatory cytokine exposure.
| TNF-α and IL-8 enhance agonist-induced contractions via L-VDCC in mouse ASM
| TNF-α enhances agonist-induced [Ca
2+ ] i increase via L-VDCC in mouse ASMCs
To investigate whether ASM contractions enhanced by exposure to inflammatory cytokines were attributable to an increased Ca However, the effects of TNF-α on Ca 2+ re-application-induced Ca influx were abrogated by the pretreatment of verapamil ( Figure 5B ; P ˃ 0.05). These results indicated that the enhanced L-VDCC activity after inflammatory cytokine exposure may be in response to the relative increase in agonist-induced Ca 2+ influx in mouse ASMCs.
| TNF-α and IL-8 enhance L-VDCC protein expression in mouse ASM
To further examine the role of L-VDCC in the effect of inflammatory cytokines on mouse ASM contraction, immunoblotting was used to determine whether the L-VDCC protein expression level changed after exposure to TNF-α or IL-8. As shown in Figure 6 , the results of our immunoblotting assay indicate that pretreatment with TNF-α or IL-8 increased L-VDCC protein (alpha-1 subunit) expression levels in the ASM compared with those pretreated with vehicle control (P < 0.05).
| D ISCUSS I ON
In the present study, we examine the effects of the proinflammatory cytokines TNF-α and IL-8 on mouse ASM contractions and the mechanisms underlying these effects and are the first to demonstrate that Values represent the mean ± SEM (n = 4-6). *P < 0.05 compared with the control group. #P < 0.05 compared with verapamil + 100 ng/mL TNF-α. P > 0.05 compared with verapamil + 100 ng/mL TNF-α. A, ( ) Control, ( ) TNF-α; B, (□) Control (n = 6), (■)100 ng/mL TNF-α (n = 6), ( ) Verapamil only (n = 4), ( ) Verapamil + 100 ng/mL TNF-α (n = 4) 
Similarly with TNF-α-or IL-8-increased L-VDCC-mediated Ca
2+
influx and associated contractile response, cytokines have been shown to alter Ca 2+ signalling by altering ryanodine receptor signalling or store-operated Ca 2+ entry. ] i rise and ASM contractions.
In conclusion, we demonstrate here for the first time that either TNF-α or IL-8 treatment enhances L-VDCC protein expression levels, augmenting the agonist-induced Ca 2+ influx and contractile response in mouse ASM. Our finding suggests a potential pathological role of TNF-α or IL-8 in the development of asthma.
| MATERIAL S AND ME THODS
| Chemicals
Carbachol, TNF-α, verapamil, and nifedipine were purchased from Sigma, St. Louis, MO 63178 (USA). IL-8 was purchased from Bioss
Company (Beijing, China).
| Animals
A total of 40 Male Kunming mice weighing 20-25 g were purchased from the Experimental Animal Center of Anhui Medical University.
Mice were housed in a facility with a 12-hour light-dark cycle, a temperature of 24 ± 1°C, and humidity at 60% and were allowed food and water ad libitum. The study was conducted in accordance with the guidelines of the US National Institutes of Health (NIH publication No. 8523) and was approved by the Animal Experimentation Ethics Committee of Anhui Medical University.
| Primary culture of mouse airway smooth muscle cells
Mouse airway smooth muscle cells (ASMCs) were primary cultured using enzyme digestion. Briefly, tracheas were isolated and put in ice-cold Krebs-Henseleit solution (composition in mmol/L: NaCl 118, KCl 4.7, NaHCO 3 25.2, glucose 11.1, KH 2 PO 4 1.2, CaCl 2 2.5,
2). After the epithelial layer was rubbed off, the trachea was digested with 0.2% collagenase type IA and 0.9% papain for 1 hour. The dispersed tracheal smooth muscle cells were cultured in Dulbecco's Modified Eagle's Medium containing 10% fetal bovine serum, 100 U/mL penicillin, and 100 μg/mL streptomycin. After 1 hour incubation at 37°C, the medium was replaced once in order to remove non-adherent cells. The remaining adherent ASMCs were cultured at 37°C with 5% CO 2 for 5-7 days before experimental use.
| Immunostaining
Immunostaining was performed as previously described. 
| Measurement of contractile tension
Mice were killed with CO 2 , and the trachea was isolated and placed in a container filled with ice-cold Krebs-Henseleit solution oxygenated with a gas mixture of 95% O 2 and 5% CO 2 . After rubbing off epithelial layer by gentle friction with minimal damage to the smooth muscle, 27 the trachea was cut into 2-3 mm segments.
The tracheal rings were cultured in Dulbecco's Modified Eagle's Medium containing 10% fetal bovine serum, 100 U/mL penicillin, and 100 μg/mL streptomycin in a humidified atmosphere of 5% CO 2 at 37°C for 24 hours with or without TNF-α (100 ng/mL) or IL-8 (100 nmol/L) treatment.
The contractile tension was measured as described previously. 28, 29 Briefly, tracheal rings were transferred to an organ bath 
| Western immunoblotting
Western immunoblotting was performed as previously described. 28, 29 Briefly, the smooth muscle layer was peeled from the adventitial layer with forceps and homogenized. The proteins were extracted from smooth muscle cell lysates using detergent extrac- 
| Statistical analysis
Data are presented as mean ± SEM. Mann-Whitney U test (twotailed) or two-way ANOVA followed by the Games-Howell post hoc test when more than two treatments were compared were used to compare results in different groups. A value of P < 0.05 was considered statistically significant. 
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